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ELECTRONS FROM BOMB NLUTRON DECAY
Killeen, Hess and ILingenfelter
ZERODYUCTION
(Ihe purpose of this paper is 1o calculate the trapped electron
Tlux resulting from the decay of neutrons emanating from a point source.\
\
e best example of such a source is a nuclear explosion gbove the
arth's atmosphere. Neutrons going out radially from the explosion

decay Ty the reaction

- s te *+v
with 2 mean life T of 1000 seconds. Th: slectrons resulting from the
rewtron decay have an erergy spectium rn:arly independent of the nsutron
velocity (Nekada, 1963).

There have recently been several high altitude nuclear explosions
that are essentially point sources of neutrons. It is of interest to
eveluate the additions to the radiation belt resulting from neutron
decay. It is known that some energetic particles were observed at large
distances from the Starfish explosion of July 9, 1962. .iriel observed
rarticles up to L = 6 (Durney, Elliot, Hynds and Quenby, 1502) . We
+1ll consider here sources both off and on the magnetic eguator and
study neutrons directly from the source and also albedo from the top

of the atmosphere.




An Tguatorial Source

Starting with a neutron source on tli: magnetic equator the total
flux ¥ of neutrons passing through ). o 2 area at a point in space at

3 distance p from the sSource is

where M i1s the total number of neutrons from the source. This neglects
aeutron albedo from the atmosphere which will be considered later. The
aumber of neutron decays per cm® at this point is

M

no = —~——— (1)
brro2yT

stere v is the neutron velocity. BEvaluating from Figure 1,

p2 = (x - R2 + y% + 22 (2)
<X:Y:Z)

Sgure 1 X
where .
X = r sind cosy
vy = r cosd cosw (3)

z = r sing
substituting gives

02 = v + B® = 2rR sind cosy (L)



et s =

o

r/R and & = 3/R, then

no(s,8 Q) = M M (5)
) = = T TR
? brvrRPa®  LrvtRE vl + 5% - 25 siné cosy °
"ha eguadhlon of A& field line 4o
Sina\'?o _ sin29 (6)
R r
vhere Yo 1s the magnetic colatitude of the line at the earth's surlace.
—"
Along a field line we have
2
3in“¢g
5 = ===
510530 (7)
The neutron decay density given in (5) is also the electron source
tensity. Integrating equation (5) over longitude we get
+© 7}
- 1 pv0 M ro ol
I -:J(I':B) = = _J“_ n0<r:e)‘-P) dCP == '!n D (8)
% orvTRE ' ©  1+s2-2s sinBcoso

is represents the electron source strength

5

]

rad time to spread out in longitude. The value of ?O

.

the fact that we consider only x > R,or, r sin6 cosPy > R; this gives
g, = arc COS{;‘%{ﬁ@j (9)
Equation (8) can be integrated directly to give
ro(s,8) = X [ = arc tan{V1+sé+25460328 %~§%§%§%}7 (10)
PR © JI+s*+25°00506 1+s=-2s sing =~ °° - 0

This has been evaluated to give Figure 2, using

after the electrons have

can be found from




-4 - -

Tiuis gives the density distribution of electrons produced along different
field lines. Assuming that the celecctrons are emitted isotropically, we

can calculate W the distribution of mirror points of the electrons

a8 1 n 2o(80,81)a1L"

W(%0,8) = 2 F Foo07 | — (11)
& 280,89 | | VI-B(35,8)/5(65,9)

/

Wiao

and from this we can get the distribution of 'electron flux along a

field line N by

So 9 ,
N(eo;e) = B(eO)e)Jn W(eo, 4’_') dlz (12)
5 B(80,8¢)v(80,84)Vi-E(60,8) /E(80,6%)

These expressions for W and N are developed in Hess and Xilleen, (1961).

They have been evaluated numerically to give Figures 3 and L,

Albedo Neuwcrons

For a source of neutrons above th: aimosphere we must consider not only
nevtrons cciang upwards from the source bat also albedo from the top of the
atmosphere. Neutrons initially directed downwards into the atmosphere
from the explosion site will suffer collisions in the upper atmosphere and
a majority of the neutrons will be scattered back out of the atmosphere.

The intensity and energy‘spectrﬁm of this albedo flux have been calculated
froz multi-groups diffusion theory, described in detail by Hess, Canfield,

and lingenfelter, (1961).




1 isotropic point source

[

The neutroans are assumed to come from
uhove the atmouphore, wnd separate calculations are made for neubtrons wilth
both a Maxwellian energy distribution at a temperature of 1 kev and a
Tisslon neutron energy spectrum. It is also assumed that the neutross
scatter isolropically at their first collision and that the density of
first collisinmns decreases with altitude in the form e-x/I“, where x 1s

the desth beneath the top of the atmosphrre in gm/cmz, L is the collision

mean free path (equal to about 4 cm®/gm Jor 1 kev neutrcns and about

iy

1z cm“/gm or fission neutrons), and g 1 the cosine of the angle of
ircidence ut the top of the atmosphere.

I . .

‘Por normally incident neutrons the wlbedo, or fraction of neutrons |

reflected, was calculated to be 0.74% for 1 kev neutrons and 0.63 for

fission neutrons. Both values increase to unity with decreasing angle

- of incidence, as is shown in Figure 5. Integration of these two functions

over y gives a total albedo of 0.80 for neutrons with a Maxwellian

distribution at 1 kev, leaving the explosion site in the downward hemisphere,

N . R ‘s . . . 4
ani 0.75 for similar neutrms with a fission spectrum. '

The celculated energy spectra of the albedo fluxes from 1 kev and
P2 .ssion neutrons ere shown in Figure 6, where they are campared with the
incident spectra. Since diffusion theory is not rigorous within a couple

¢ mean free paths of a boundary, the albados thus calculated should

- - . o s d
probably have an uncertainty of about £205.




It is necessary to casider the neutron decay more completely in

studying the albedo neutrons in the eV cnergy range. In this case

tance 9
:he nsutron decay density at a cis- from the source 1is
-2
M VT
ng = ——— & (13)

rroZvr
"his considers neutron decay between scurce and observer. The inte-
iration over ¢ is given by

M . nc'DO 2 v o (lh-)

1 + s5- 2s sinfcosp

no (s,8) = )
2PyrRZ 10

"his has veen evalusted for values of

R 6.0 X 108
- ; - = =1, .5, .2, .05
' LA5X10% JE X 1000 N
1.43X10 Jmev oc Vi,

‘nese decay densities, n, have teen traasformed to electron flux

aistributions, N, in the sare nanner as before. Values of N are

- D () o o — ST o "23_.

wiotted Tor the four values of R/v; in Tigure 7 - 10 for M/ll R® = 1.

We cen now apply this analysis to & specific case. The July 9

Dterfisa explosion was about 1.4 MP. This released the order of 1026

eutrons. It was near enough the equator so the current analysis is
.- . A . , .

casonaole. Let us assume that 10% of these neutrons were thermalized
i C— . o , X g Cn .

- the bomb debris to a temperature of 1 kev or v = .45X10 ’ggghls may

=0t be a good assumption, but we will use it for lack of better infomation.




& and b
volng Th: neutren energy spectiun wn Iooure 6/he can evaluate the
3

cermelizing constant K. To do this we break the neutron energy spectrum

«own o into Tive energy groups that are eppropriate to the five values of

2/vT.
R/VT E energy range T
o ® 310 ev = ® 1.56
.05 Tl ev 31 - 310 ev 17
.2 L.8 ev 3.1 -~ 31 ev 5.4X1072
5 0.8 ev 3l - 3.1 ev 1.6X107%
1.0 0.2 ev 0- .31 ev 8.3x10 °

Jdow we evaluate five normalizing consteate

M i

where i is the fraction of neutrcons ir the appropriate energy range
(tobaling 1.8 dus to the albedo)
-z values of k to normalize the

given in the Table abovey’ By using the
7luxes in Figures 7 - 10, and then &idiny the results give she fluxes
shown in Figure 1l. This data in Jgur . 11 is the electron flux expected
from Starfish with and without albedo ni:utrons. It has
o 10% of the neutrons released appear .ng at 1 kev. This 1s only the
‘njection flux and the lower altitude fiux will decrease fairly rapidly
w5 a result of coulomb scattering in the atmosphere. Calculations based

4 . " , . . . N . .
on 100% of the released neutrons having a fission spectrum give quite

similar results. because the higher total flux is offset by the smaller

frostion decaying.




Qi ipuator Sources

Tne Soviets have recently expleded high altitude explosions in

5

Siberla .« In oxmicr o ulnoulate the trapped electroa

districution resulting fram neuiron decz, Jrom such a source we can

ot
(o)
E)
c

(%)

generalize the earlier expressions. Tak:ar a source &a
of coordinates (R sinl], R cosT, 0) zad & ooint of observation at

(x,y,2) as before, we can calculate the source~observer distance p by
p%= (x - Rsinf) + (y+ R cosT)® + 2% (15)

The * signs here depend on whether the point of observation is in the
Northern Hemicphere (=) or the Southern demisphere (+).

Using this gives a neutron decay density of

- q -
{ o ’)
f

\ N
L0 = TrvrR? L T#5%2s 5in0 cosp sinl] £ 25 cosd cosp cosi (16)

This is integrable as before to give

b

Do

2 (s = -
A AEZVTRZJ-@O a+b cosy (17)

The integral is broken into two parts, the Northern Hemisphere

(+Qo %o 0) ard the Southern Hemisphema(o to -@o) and gives

PR

o 2  [aREE L %
J at+b coso J2Z - b2 arc tan | g + b 2 (18)

>
waere & = 1+ s<

b = -2s sin® sinl] = 2s cosf cos)

znd Qo can be evaluated fram the fact thai neutrons only appear on



the side of the earth where the source exists.

the source exists

x > R sinT + R ~ y coth

substitubing for x and y gives the Linlt

Hewrs the + sign is for the Northern Heaslsphere.

s[5inh sinf £ cosé cosT)

In the region where

(19)

(20)
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